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A B S T R A C T
Yacon is a root rich in fructooligosaccharides (FOS), which act as prebiotics. Numerous studies have shown
promising results in the technological aspects of producing yacon syrup. However, uncertainties exist concerning
whether yacon syrup can modulate postprandial glucose and lipid proﬁles. In order to assess the eﬀect of yacon
syrup on postprandial glucose, insulin and triglyceride (TG) responses, a randomized, crossover, double-blind
clinical intervention with 40 women (20 normal weight and 20 grade I obese) was performed. Participants
underwent two-arms of intervention with at least a one-week wash-out period between visits. On each inter-
vention day, after 12 h of fasting, an aliquot of blood was collected. For intervention A, volunteers consumed
breakfast +40 g of placebo, whereas for intervention B, participants consumed breakfast +40 g of yacon syrup
(14 g of FOS). Blood samples were drawn at 15, 30, 45, 60, 90, and 120min. Glucose and insulin concentrations
were lowered after yacon syrup intake as compared to placebo at following times: 30min for glucose and 15, 30
and 45min for insulin. In conclusion, yacon syrup has a postprandial decreasing eﬀect glucose and insulin
concentrations in adult women. This eﬀect was not evident for triglyceride concentration.
Clinical trial registry: RBR-33wf46. Available in: http://www.ensaiosclinicos.gov.br/rg/RBR-33wf46/
1. Introduction
Postprandial biochemical changes in circulating metabolites are
associated with cardiovascular diseases, which is relevant because hu-
mans spend the majority of time in a postprandial state (Dimina &
Mariotti, 2019; Schrauwen-Hinderling & Carpentier, 2018). Each meal
consumed induces, physiologically, an increase in glucose, insulin, and
lipid concentrations. However, the magnitude and duration of these
responses varies with meal composition and individual characteristics
(Jackson, Poppitt, & Minihane, 2012; Parr, Devlin, & Callahan, 2018;
Samuel & Shulman, 2016).
Studies show that high postprandial glucose concentrations are as-
sociated with cardiovascular diseases and with all-cause and cardio-
vascular-related mortality in non-diabetics (de Vegt et al., 1999; de
Vries et al., 2014; Ikeda, Hara, & Hiroi, 2015; Orencia et al., 1997;
Watanabe et al., 2013) and is associated with the incidence of cardio-
vascular disease and all-cause mortality in type 2 diabetics (Takao,
Suka, Yanagisawa, & Iwamoto, 2017). Postprandial lipid concentrations
are also clinically relevant, with hyperlipidemia after meals associated
with atherosclerotic cardiovascular disease and all-cause mortality
(Chan, Pang, Romic, & Watts, 2013; Desmarchelier, Borel, Lairon,
Maraninchi, & Valéro, 2019).
Dietetic strategies can be useful for reducing postprandial glycemic
and lipid responses along with helping to prevent morbidity and mor-
tality due to cardiovascular diseases. The use of dietary prebiotic sup-
plements has recognized eﬀects on postprandial glucose and insulin
concentrations. A systematic review study with twenty-six humans
clinical trials with diﬀerent intervention times and 831 participants
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indicated that prebiotic supplementation signiﬁcantly reduced post-
prandial concentrations of glucose (−0.76, 95% CI -1.41, −0.12) and
insulin (−0.77, 95% CI -1.50, −0.04). This response was still contra-
dictory for lipid biomarkers. The magnitude of this eﬀect varies with
the type and amount of prebiotic, type of food source, form of admin-
istration and characteristic of the population assessed (Kellow,
Coughlan, & Reid, 2014).
The acute eﬀect of diﬀerent prebiotics also has been investigated
(Janssen et al., 2017; Lightowler, Thondre, Hol, & Theis, 2018; Van der
Beek et al., 2018). However, few studies to date have assessed the eﬀect
of prebiotics derived from yacon (Caetano et al., 2016; Cao et al.,
2018).
Yacon (Smallanthus sonchifolius) is a herbaceous plant of the
Asteraceae family, native to the Andean region of South America
(Caetano et al., 2016) and a rich source of fructooligosaccharides (FOS)
and phenolic compounds, particularly chlorogenic acid (Silva, Dionísio,
Abreu, Brito, et al., 2018a). Recently, a yacon syrup was developed
containing high concentrations of FOS and other bioactive compounds,
such as chlorogenic acid and other phenolic components, through a
process that includes enzymatic maceration, followed by microﬁltration
and vacuum concentration (Silva, Dionísio, Abreu, et al., 2018b).
In view of the ﬁnal composition of this nutraceutical, we propose
the hypothesis that yacon syrup, consumed together with a meal, can
promote lower postprandial concentrations of glucose, insulin and tri-
glycerides compared to placebo. Therefore, the objective of this ran-
domized, crossover, double-blind clinical trial was to assess the post-
prandial glycemic and lipid eﬀect of yacon syrup in normal weight and
obese adult women.
2. Experimental section
2.1. Study design and subjects
The eﬀect of yacon syrup was assessed by performing a randomized,
crossover, double-blind clinical trial in which the primary outcome was
the change in postprandial glucose concentrations and secondary out-
comes were changes in insulin and triglyceride concentrations. The
study was performed in female volunteers who underwent two-arms of
intervention (A and B) with a mean washout interval of 10 days (see
Fig. 1). Randomization was performed via the website, randomization.
com, which generated permutations of treatments such that subjects
received both treatments in a random order. Randomization and
blinding were carried out by a researcher not involved in the stages of
volunteer recruitment or intervention. The un-blinding was done only
after data analysis. This article was produced in accordance with the
guidelines proposed by CONSORT - Consolidated Standards of Re-
porting Trials (Schulz, Altman, Moher, and CONSORT Group, 2010).
On each of the two intervention days, blood samples were taken at
time zero (after 12 h of fasting). Volunteers then consumed a breakfast
together with the syrup or placebo. Participants were instructed to
consume the meal within 10–15min. Blood samples were drawn at 15,
30, 45, 60, 90, 120min after ﬁnishing the meal. The times were
determined according to a recommendation from FAO/WHO Expert
Consultation, 1998 to evaluate postprandial glucose response and ac-
cording to the other studies (Lightowler et al., 2018; Lin, Wu, Lu, & Lin,
2010; Respondek et al., 2014). The intervention was performed in a
quiet, comfortable place. The volunteers were instructed not to change
their lifestyle during the intervention, and interventions were timed not
to coincide with the patient's menstrual periods.
The minimum sample size was estimated to be 17 people, using a
mean diﬀerence between the interventions' areas under the curve
(AUC) for glucose of 25.4 and a standard deviation (SD) of 9
(Klosterbuer, Thomas, & Slavin, 2012), with β=20%, α=5%. The
trial included 40 women (20 per group), a larger sample size than that
of several previous studies with similar designs (Klosterbuer et al.,
2012; Silva, Kramer, Crispim, & Azevedo, 2015; Stamataki et al., 2016).
We chose only women because there is an important diﬀerence between
the sexes in postprandial glucose metabolism. Some studies show that
in women glucose tolerance is decreased in comparison to men, related
to diﬀerences in lifestyle, sex hormones and body composition (Basu,
Dube, & Basu, 2017).
Study inclusion criteria were: female sex, age 19–40 years, no self-
reported chronic diseases, a normal (BMI 18.50–24.99 kg/m2) or grade
I obesity body mass index obesity (BMI 30.0–34.99 kg/m2) (World
Health Organization - WHO, 1998). The weight and height of the en-
rolled volunteers were obtained with balance (Tanita®) and stadiometer
(Alturexata®) and the BMI was calculated. Volunteers who did not
present BMI in these ranges were excluded.
Exclusion criteria were: pregnant or nursing women; previous hys-
terectomy or bariatric surgery; current smoker (or within last 30 days);
users of illegal substances; daily alcohol intake>15 g; current use (or
within last 30 days) of hypoglycemics, hypolipidemics, antibiotics or
anti-inﬂammatories, or laxatives or weight-loss drugs; present in-
ﬂammatory diseases, such as inﬂammatory bowel disease (Crohn's
disease, ulcerative colitis); individuals with endocrinopathy (Cushing
syndrome, hypothyroidism), celiac disease or lactose intolerance; his-
tory of constipation; or current consumption (or in last 30 days) of ﬁber
or fructooligosaccharide supplements. Assessment criteria were self-
reported.
Volunteers were recruited from universities and via social networks
with a total of 158 women enrolling to take part in the study. After
verifying eligibility criteria and availability, 42 women initiated the
study and 40 completed it (Fig. 2).
The 40 women were healthy and aged 19–40 years. Of this group,
20 had healthy weight (BMI 18.50–24.99 kg/m2) and 20 had grade I
obesity (BMI 30.0–34.99 kg/m2) (World Health Organization - WHO,
1998). We chose to select only volunteers with normal weight and
obese, to obtain diﬀerent groups regarding the proﬁle of insulin re-
sistance. These were found to have been conﬁrmed a posteriori by
Fig. 1. Study design. Fig. 2. Participant ﬂowchart.
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homeostasis model assessment for insulin resistance (HOMA-IR).
2.2. Yacon syrup preparation
Yacon syrup was produced by Embrapa Agroindústria Tropical
(Fortaleza - Ceará - Brazil) from yacon roots. The roots were ﬁrst sub-
jected to acid treatment (Dionisio et al., 2013) and the juice then ex-
tracted and treated with cellulolytic enzymes, Celluclast® 1.5 L and
pectinolytic enzymes Pectinex® Ultra SP-L (500 ppm of each enzyme, at
35 °C, 175 rpm, for 2 h), and ﬁltered using a microﬁltration system
(Silva, Dionísio, Abreu, et al., 2018b). The clariﬁed juice was vacuum
concentrated at a temperature below 60 °C until attaining 75° Brix and
pH 3.7. The syrup was aliquoted into 40 g servings, containing 14 g
(35%) FOS, 12.80 g (31.9%) glucose, 0.60 g (1.5%) protein, 0.03 g
(0.07%) lipids, and 67.5 Kcal or 283.5 kJ. After the syrup was divided
into portions (40 g), it was stored at 5 °C until the time of the inter-
vention. The nutritional and chemical composition of the syrup is de-
scribed in Silva, Dionísio, Abreu, Brito, et al. (2018a, b). Fructooligo-
saccharide (FOS) content was determined using the assay Fructan
Method AOAC 999.03, method AACC 32.32 (Megazyme International
Ireland Ltd.).
2.3. Placebo
The placebo was developed based on an adaptation of the approach
used by Genta et al., 2009 to confer the ﬁnal product with an appear-
ance and texture resembling yacon syrup. The formulation consisted of
maltodextrin (42.21%), glycerin (6.47%), citric acid (2.66%), sucralose
(0.27%), carboxymethylcellulose (0.07%) and caramel coloring
(0.04%) diluted in potable water. The pH of the ﬁnal product was
standardized at 3.7. The placebo was also aliquoted into 40 g portions
and stored at 5 °C.
2.4. Description of interventions
The standard meal consisted of an adaptation of a typical breakfast
consumed by Brazilians, as described by Orra, Pires, & Ferreira, 2016
and Monfort-Pires & Ferreira, 2016. We planned the interventions to
have similar amounts of energy and macronutrients (Table 1), ac-
cording to protocols from other studies evaluating food eﬀects on
postprandial blood glucose and insulin concentrations (de Carvalho
et al., 2017; Kim, Oh, Kim, & Cho, 2016; Klosterbuer et al., 2012). The
nutritional composition of the interventions was estimated indirectly
(Núcleo de Estudos e Pesquisas em Alimentação – NEPA; Universidade
Estadual de Campinas – UNICAMP, 2011).
2.5. Data collection
Trained interviewers collected the self-reported information on age,
ethnicity, education, occupation, per capita family income and health
status. Health status was assessed based on the interviewee's perceived
health in response to the question “Overall, compared with others your
age, how do you rate your health status?”. Physical activity was as-
sessed using the International Physical Activity Questionnaire (IPAQ),
short version (Matsudo et al., 2001). Constipation-related problems
were assessed using a speciﬁc scale (minimum score: 0, maximum
score: 30) (Agachan, Chen, Pfeifer, Reissman, & Wexner, 1996).
Body weight was measured using a platform-type electronic balance
(Tanita®) with a 150 kg capacity, accurate to the nearest 100 g.
Volunteers were weighed wearing light clothing, without footwear, in a
standing position, with feet place parallel and fully supported by the
balance platform, arms relaxed alongside the trunk and gaze level.
Height was measured using a stadiometer (Alturexata®) with a milli-
meter scale (World Health Organization, 1995). Waist circumference
(WC) was measured by placing a metric tape around the narrowest
point between the bottom of the ribcage and iliac crest of the individual
in a standing position, and was taken upon expiration. These data were
collected by previously trained ﬁeld researchers (World Health
Organization - WHO, 1998). The WC values were categorized using a
cut-oﬀ of 88 cm (American Heart Association; National Heart, Lung,
and Blood Institue, et al., 2005).
Dietary data were collected using 24 h recalls (24hR, one in person
and one over the telephone) to characterize the usual dietary intake of
the individual. The 24hR data were gathered by trained interviewers
using the Multiple-Pass Method (MPM), which seeks to keep the in-
dividual interested and engaged in the interview, helping them to recall
all the items consumed and rendering the data more reliable (Raper,
Perloﬀ, Ingwersen, Steinfeldt, & Anand, 2004).
Data on 24 h dietary intake were collected as household measures
and subsequently converted into grams as deﬁned by Pinheiro, 2008.
Daily intake of calories and macronutrients was calculated using the US
Department of Agriculture (USDA) composition table (Instituto
Brasileiro de Geograﬁa e Estatística, 2011) and REC24h-ERICA pro-
gram.
Gastrointestinal eﬀects were monitored throughout the intervention
and the results collected for the ﬁrst 24 h. The volunteers were asked
about the consistency of feces and discomfort, such as the presence of
ﬂatulence, pain, or abdominal distension.
2.6. Blood sampling and biochemical measurements
Blood samples were collected by a trained professional at time zero
after 12 h of fasting and at six diﬀerent times after consumption of the
meal, with collection into dried and ﬂuoride tubes. After collection, the
tubes were centrifuged at 1500 ×g for 10min at 4 °C. Glucose and
triglyceride were determined by Beckman Coulter AU480 (Beckman
Coulter, Brea, CA, USA) automatic biochemistry analysis system with
reagent kits (Beckman Coulter, Brea, CA, USA). Insulin was determined
by Cobas e801 (Roche, Milan, Italy) automatic biochemistry analysis
system with Elecsys Insulin (Roche Diagnostics, Indianapolis, Indiana).
Glucose, insulin and triglyceride values were categorized based on the
cut-oﬀ points of 100mg/dL (Oliveira, Montenegro Junior, & Vencio,
2017), 24.9 μU/mL (Chirinos-Revilla & Fernandez-Sivincha, 2018;
García-Martín, Reyes-Garcíaa, García-Castrob, & Muñoz-Torres, 2013)
and 150mg/dL (Faludi, Izar, Saraiva, et al., 2017), respectively.
Table 1
Composition of the interventions.
Interventions
Intervention A (standard
meala + placebo)
Intervention B (standard
meala + yacon syrup)
Macronutrients and FOS
Energy total, kcal 499.14 502.48
Protein, g 16.83 17.43
Protein, % 13.49 13.88
Total fat, g 19.18 19.21
Total fat, % 34.58 34.41
Glucose carbohydrate, g 64.80 61.56
Glucose carbohydrate, % 51.93 49.00
FOS, g 0.00 14.00
Foods
Milk, 3% fat, 180 mL Milk, 3% fat, 180mL
Coﬀee infusion 5%,
60mL
Coﬀee infusion 5%, 60mL
Reﬁned sugar 10 g Reﬁned sugar 10 g
Bread, 50 g Bread, 50 g
Salted butter, 5 g Salted butter, 5 g
Mozzarella cheese, 32 g Mozzarella cheese, 32 g
Water 100mL Water 100mL
Placebo, 40 g Yacon syrup, 40 g
a Indirect composition based on the Brazilian Chart of Food Compositions –
TACO (Núcleo de Estudos e Pesquisas em Alimentação – NEPA; Universidade
Estadual de Campinas – UNICAMP, 2011).
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Homeostasis model assessment for insulin resistance (HOMA-IR) was
calculated (Matthews et al., 1985).
2.7. Statistics
Socioeconomic variables, health proﬁle, lifestyle, anthropometric
measurements and dietary intake were expressed descriptively. Means
and proportions were compared using the Student's t-test and the Chi
squared test, respectively.
The eﬀects of interventions A and B were compared using the two-
way ANOVA mixed model followed by Bonferroni for multiple com-
parisons to assess time, intervention and intervention × time interac-
tion eﬀects. The AUC was calculated according to the FAO / WHO
EXPERT CONSULTATION protocol, 1998. The eﬀect among healthy
weight and obese women was compared using the Student's t-test to
assess the mean diﬀerence in areas (treatment A – treatment B).
All statistical analyses were performed using the software Statistical
Package for the Social Sciences (SPSS) version 21.0 and GraphPad
Prism, version 5.0. Values of p < 0.05 were considered signiﬁcant
(two-tailed).
2.8. Ethical aspects
The present study was approved by the Research Ethics Committee
of the State University of Ceará (UECE) (permit CAAE n°
56,094,516.4.0000.5534) in conformance with the recommendations of
Resolution no. 466/12 of the Brazilian National Board of Health. The
study was also published on the Brazilian Registry of Clinical Trials
(ReBEC), under number RBR-33wf46. All volunteers signed an in-
formed consent form.
3. Results
Mean age of the 40 participants was 25.75 (5.02) years and was
similar in both the normal weight and obese groups. Self-reported
ethnicity, education and health status also proved similar between the
two groups. Fasting glucose and insulin were higher among obese
subjects (p < 0.05). However, the proportion of women with elevated
glucose and insulin was similar in the two groups. Triglyceride values
and hypertriglyceridemia prevalence was also similar in both groups
(Table 2).
Comparison of postprandial glucose responses between the two in-
terventions revealed treatment (p=0.017), time (p < 0.001) and time
× treatment interaction (p=0.023) eﬀects. Fasting glucose con-
centrations were similar (p > 0.05). At time 30′, glucose concentra-
tions after intervention A (standard meal + placebo) were signiﬁcantly
higher compared to intervention B (standard meal + yacon syrup)
(p < 0.010; Fig. 3).
Stratifying by BMI class revealed only a time eﬀect among the
normal weight group (p < 0.001) but treatment (p=0.005), time
(p < 0.001) and time × treatment interaction (p=0.027) eﬀects were
detected in the obese group. Glucose concentrations at time 30′ were
also higher after intervention A among obese subjects (p < 0.010).
Insulin concentrations also showed treatment (p < 0.001), time
(p < 0.001) and time × treatment interaction (p=0.001) eﬀects. At
time 0′, insulin concentrations were similar on the two intervention
days but were higher after intervention A at times 15′ (p < 0.05), 30′
(p < 0.001) and 45′ (p < 0.001; Fig. 4).
Treatment (p < 0.001), time (p < 0.001) and time × treatment
interaction (p=0.012) eﬀects among normal weight individuals per-
sisted, while treatment (p < 0.001) and time (p < 0.001) eﬀects
persisted in obese volunteers. There was no time × treatment inter-
action eﬀect among obese subjects (p=0.090). In the normal weight
group, insulin concentrations were higher after intervention A at times
30′ (p < 0.001) and 45′ (p < 0.01) but only at time 30′ (p < 0.01) in
the obese group.
For triglyceride concentrations, no postprandial treatment
(p=0.167) or time × treatment interaction (p=0.999) eﬀects were
evident, only a time eﬀect (p=0.037). The absence of eﬀect persisted
after stratifying by BMI class (Fig. 5).
Comparison of mean diﬀerences in areas between the two inter-
ventions (treatment A – treatment B), showed no diﬀerence between
the normal weight and obese groups for the postprandial eﬀect on
glycemia, insulin or triglycerides (Table 3).
With regard to gastrointestinal eﬀects, the presence of ﬂatulence
diﬀered statistically between the interventions, having been reported
by 24 volunteers (60%) within 24 h of intervention B (standard meal +
yacon syrup) and by 4 volunteers (10%) after intervention A (standard
meal + placebo; p < 0.001).
Reports of pain (p=0.556) and abdominal distension (p=0.494)
were similar during the 24 h after the two interventions. Abdominal
pain was reported by 8 participants (20%) after intervention B and by 6
participants (15%) after intervention A. Abdominal distension was re-
ported by 2 volunteers (5%) after intervention B and by none of the
participants after intervention A.
The consistency of feces was also similar during the 24 h after the
two interventions (p=0.056). After consumption of the standard meal
plus yacon syrup, 12 participants (30%) reported a liquid or sloppy
consistency versus 5 (12.5%) after ingestion of the standard meal with
placebo.
4. Discussion
In the present study, the eﬀect of yacon syrup (14 g FOS) on post-
prandial glucose, insulin and triglyceride response was investigated.
Eﬀects on glucose and insulin were found but no eﬀect was observed on
postprandial triglyceride concentrations. The acute postprandial eﬀect
of indigestible carbohydrates on these biomarkers has already been
evaluated in other studies which an eﬀect on postprandial blood glu-
cose and insulin was also observed. Furthermore, the postprandial
glucose response after consumption of ﬂax (Linum usitatissimum) and
salba-chia (Salvia hispanica L.) was evaluated in 15 volunteers aged
23.9 ± 3 years. The results shows a lower area under the curve (AUC)
for postprandial plasma glucose in participants who had consumed ﬂax
(60.0 ± 19.7mmol/L, p=0.014) and salba-chia (82.5 ± 19.7mmol/
L,< 0.001) compared to a glucose control (Vuksan et al., 2017).
In a crossover study, the eﬀect of ﬁbers was also observed in pa-
tients with type 2 diabetes who consumed an isocaloric breakfast con-
taining diﬀerent amounts and sources of ﬁber. The study shows that the
incremental area under the curve (iAUC) of plasma glucose was lower
after breakfasts with high amounts of ﬁber from diet food sources (9.7 g
total ﬁber; 5.4 g soluble ﬁber) and ﬁber high amounts of soluble ﬁber
from guar gum supplement (9.1 g total ﬁber; 5.4 g soluble ﬁber) than
after the normal ﬁber breakfast (2.4 g total ﬁber; 0.8 soluble ﬁber).
However, there was no eﬀect on postprandial insulin concentrations (de
Carvalho et al., 2017).
In another randomized double-blind crossover study performed
with 40 healthy adults, consumption of a yogurt drink containing oli-
gofructose reduced the acute postprandial glycemic response when
compared to the reference drink (iAUC 31.9 and 37.3 mmol/L/min,
respectively, p < 0.05) and consumption of fruit jelly containing inulin
also reduced blood glucose response compared to reference (iAUC 53.7
and 63.7 mmol/L/min, respectively, p < 0.05). In both, there was also
a reduction in postprandial insulin response (p < 0.05) (Lightowler
et al., 2018). The postprandial glycemic and insulinemic response was
also lower after consumption of resistant starch enriched muﬃn com-
pared to the control muﬃn in an acute study of healthy adults (Stewart
& Zimmer, 2018).
In a study of 21 healthy adults, consumption of baked breakfast bar
containing tapioca-based resistant starches type 4 (32 g of dietary ﬁber)
showed lower (22%, p < 0.05) median glucose iAUC0–120min and
lower (37%, p < 0.05) median insulin iAUC0–120min compared to a
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macronutrient-matched control bar (4 g of dietary ﬁber) (Mah, Garcia-
Campayo, & Liska, 2018). Moreover, the consumption of resistant
starches type 4 enriched cookie also reduced iAUC0–120min of glucose
(44%, p=0.004) and insulin (46%, p < 0.001) compared to the con-
trol cookie in acute study with 28 healthy subjects (Stewart & Zimmer,
2017).
Although most studies show that consuming dietary ﬁber reduces
postprandial glucose concentration, some studies failed to ﬁnd this ef-
fect. This highlights the importance of investigating the eﬀect of pre-
biotics from diﬀerent sources and at diﬀerent concentrations. The
consumption of polydextrose added to beverage (at 0, 8, 12, and 16 g)
and bar (at to 0 and 12 g) did not lower postprandial glucose or insulin
in acute study with healthy subjects (Rahman et al., 2017).
The present study is the ﬁrst to assess the postprandial eﬀect of
yacon syrup, although its eﬀects on basal glucose and insulin
concentration had previously been investigated among obese woman in
a long-term (120 days), placebo-controlled, double-blind study. In the
study, a daily intake of 0.14 g FOS per kg body weight had a signiﬁcant
eﬀect on both fasting insulin level and insulin sensitivity (p < 0.05)
assessed by the HOMA-IR (homeostasis model assessment for insulin
resistance), in absence of an eﬀect on fasting glucose concentration
(Genta et al., 2009).
In a systematic review, the evidence showed that prebiotic supple-
mentation (fructooligosaccharides, oligofructose and inulin) sig-
niﬁcantly reduced postprandial glucose (standardized mean diﬀerence
−0.76, 95% CI – 1.41, −0.12) and insulin (−0.77, 95% CI – 1.50,
−0.04) concentrations (Kellow et al., 2014).
Diﬀerent mechanisms may be involved in the beneﬁcial eﬀects of
soluble ﬁber on postprandial glucose and insulin responses: increase in
viscosity and formation of a gel in the intestine, reduced glucose
Table 2
Socioeconomic and lifestyle variables.
Variables Normal weight (n= 20) Obese (n= 20) Total (n= 40) pa
Mean (SD) or n(%) Mean (SD) or n(%) Mean (SD) or n(%)
Age, years 24.50 (4.96) 27 (4.89) 25.75 (5.02) 0.117
Family Income per capita, ≤ 1MW 8 (40) 10 (50) 18 (45) 0.525
Ethnicity, % 0.378
White 3 (15) 7 (35) 10 (25)
Black 1 (5) 0 (0) 1 (2.5)
Brown 14 (70) 12 (60) 26 (65)
Yellow 2 (10) 1 (5) 3 (7.5)
Education, % degree level 6 (30) 3 (15) 9 (22.5) 0.451
Health status, % good or very good 17 (85) 14 (70) 31 (77.5) 0.451
Physical activity, % sedentary 1 (5) 5 (25%) 6 (15) 0.182
BMI, Kg/m2 22.54 (1.67) 31.54 (1.66) 27.04 (4.84) <0.001
WC, cm 72.15 (4.66) 88.58 (6.20) 80.36 (9.92) <0.001
WC, ≥ 88 cm (%) 0 (0) 9 (45) 9 (22.5) 0.010
Fasting glucose, mg/Dl 84 (4) 90 (7) 87 (6) 0.002
Fasting glucose≥ 100mg/dL (%) 0 (0) 1 (5) 1 (2.5) 1.000
Fasting insulin, μU/mL 9.43 (2.58) 14.77 (5.63) 12.10 (5.10) <0.001
Fasting insulin > 24.9 μU/mL 0 (0) 1 (5) 1 (2.5) 1.000
HOMA-IR 1.95 (0.58) 3.28 (1.25) 2.62 (1.17) <0.001
Fasting triglycerides, mg/Dl 83 (28) 107 (55) 95 (44) 0.089
Fasting TG≥ 150mg/dL (%) 0 (0) 3 (15) 3 (7.5) 0.231
Constipation scale, score 5.00 (2.81) 6.60 (3.98) 5.80 (3.50) 0.150
Energy, Kcal/day 1703.4 (355.0) 1616.9 (386.0) 1660.2 (368.6) 0.465
Protein, g/1000Kcal/day 50.0 (10.0) 54.6 (16.5) 52.6 (13.7) 0.353
Carbohydrate, g/1000Kcal/day 112.1 (16.9) 109.9 (15.5) 111.0 (16.1) 0.675
Lipids, g/1000Kcal/day 39.1 (5.5) 37.9 (4.9) 38.5 (5.2) 0.468
Total ﬁber, g/day 14.1 (6.5) 13.2 (5.0) 13.6 (5.7) 0.646
Soluble ﬁber, g/day 3.7 (2.8) 2.5 (1.1) 3.1 (2.2) 0.085
Insoluble ﬁber, g/day 7.0 (4.9) 7.0 (4.6) 7.0 (4.7) 0.995
a Student's t-Test or the Chi squared test. SD: standard deviation.
Fig. 3. Postprandial glucose change at fasting (T0) and after consumption of breakfast with placebo or yacon syrup (T15, T30, T45, T60, T90 and T120) in 40 adult
women (A), comprising 20 normal weight (B) and 20 obese (C) participants.
Two-way repeated measures ANOVA. Values expressed as mean and standard error. (A): treatment eﬀect, p=0.017; time eﬀect: p < 0.001; time × treatment
interaction eﬀect: p=0.023. (B): treatment eﬀect, p=0.376; time eﬀect: p < 0.001; time × treatment interaction eﬀect: p=0.403. (C): treatment eﬀect,
p=0.005; time eﬀect: p < 0.001; time × treatment interaction eﬀect: p=0.027.
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diﬀusion, change in intestinal transit time and prolonged carbohydrate
absorption (Thompson, Hannon, An, & Holscher, 2017; Weickert &
Pfeiﬀer, 2018). Colonic transit time was assessed in a two-week cross-
over study using yacon syrup (20 g; 6.4 g of FOS). In the study, the 38.4
(4.2) hour transit time of yacon syrup of was signiﬁcantly lower than
the 59.7 (4.3) hours of placebo (p < 0.001) (Geyer, Manrique, Degen,
et al., 2008).
In the present study, no treatment or time/treatment interaction
eﬀect on post-prandial triglyceride response was found. The eﬀect on
time (p=0.037) after meals is expected because postprandial increase
in triglycerides is a physiological phenomenon (Chan et al., 2013).
In contrast to the present study ﬁndings, the beneﬁcial eﬀect of
yacon consumption as a nutraceutical on triglycerides has been shown
in diabetic rats fed yacon ﬂour (340 or 6800mg of FOS/kg of body
weight/day) for 90 days. In the study, there was a signiﬁcant decrease
in fasting plasma and postprandial peak triglyceride concentration
(Habib, Honoré, Genta, & Beglinger, 2011).
However, this same eﬀect was not replicated in other studies in-
volving humans. In a placebo-controlled double-blind trial in elderly
individuals who consumed freeze-dried powdered yacon (7.4 g of FOS/
day) for 9 weeks, there was also no signiﬁcant reduction in triglyceride
concentration in the treated group, and none of the other lipid proﬁle
biomarkers diﬀered between the groups (Scheid, Genaro, Moreno, &
Pastore, 2014). Given that an eﬀect was observed in rodents after
90 days of treatment, further studies should explore whether longer
treatment times can promote beneﬁcial eﬀects on triglycerides in hu-
mans.
We used a 40 g dose of yacon syrup (14 g of FOS) and, set against
Fig. 4. Postprandial insulin change at fasting (T0) and after consumption of breakfast with placebo or yacon syrup (T15, T30, T45, T60, T90 and T120) in 40 adult
women (A), comprising 20 normal weight (B) and 20 obese (C) participants.
Two-way repeated measures ANOVA. Values expressed as mean and standard error. (A): treatment eﬀect, p < 0.001; time eﬀect: p < 0.001; time × treatment
interaction eﬀect: p=0.001. (B): treatment eﬀect, p < 0.001; time eﬀect: p < 0.001; time × treatment interaction eﬀect: p=0.012. (C): treatment eﬀect,
p < 0.001; time eﬀect: p < 0.001; time × treatment interaction eﬀect: p=0.090.
Fig. 5. Postprandial triglyceride change at fasting (T0) and after consumption of breakfast with placebo or yacon syrup (T15, T30, T45, T60, T90 and T120) in 40
adult women (A), comprising 20 normal weight (B) and 20 obese (C) participants.
Two-way repeated measures ANOVA. Values expressed as mean and standard error. (A): treatment eﬀect, p=0.167; time eﬀect: p=0.037; time × treatment
interaction eﬀect: p=0.999. (B): treatment eﬀect, p=0.186; time eﬀect: p=0.219; time × treatment interaction eﬀect: p=1.000. (C): treatment eﬀect, p=0.484;
time eﬀect: p=0.415; time × treatment interaction eﬀect: p= 0.999.
Table 3
Comparison of eﬀect between normal weight and obese participants.
Biochemical variables Total (n= 40) Normal weight (n= 20) Obese (n= 20) Diﬀerence in eﬀect between normal
weight and obesea
AUC Placebo mean
(SD)
Yacon mean
(SD)
Placebo mean
(SD)
Yacon mean
(SD)
Placebo mean
(SD)
Yacon mean
(SD)
β (95% CI)
Glucose 636.4 (121.1) 603.1 (91.3) 566.2 (82.2) 552.7 (73.6) 706.6 (113.9) 653.5 (79.6) −39.6 (−101.4; 22.1)
Insulin 504.8 (214.9) 360.2 (160.2) 422.1 (182.9) 281.0 (90.4) 587.5 (216.9) 439.4 (176.9) −7.0 (−108.7; 94.8)
Triglycerides 664.8 (348.9) 624.5 (268.8) 581.5 (364.8) 530.1 (222.7) 748.1 (319.7) 718.9 (284.2) 22.2 (−146.4; 190.8)
a Comparison of means of diﬀerences in areas (treatment A – treatment B). AUC: area under curve. SD: standard deviation.
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the positive eﬀects on glucose and insulin concentrations, the dis-
comforts reported were negligible. Although ﬂatulence was more pre-
valent after consuming the standard meal with yacon syrup, negative
gastrointestinal eﬀects, such as abdominal distension and pain, as well
as changes in the consistency of feces proved similar between the two
groups. An intake of 4–15 g of FOS/day is considered suﬃcient to in-
crease the volume of the fecal bolus and the evacuation frequency in
healthy individuals (Sabater-Molina, Larqué, Torrella, & Zamora,
2009). The use of higher doses than these have been associated with
more unpleasant side eﬀects. The daily administration of 20 g of FOS
per 70 kg of body weight produced signiﬁcant gastrointestinal eﬀects,
such as diarrhea, severe abdominal distension, ﬂatulence and nausea
(Genta et al., 2009).
Fresh yacon roots contain 3.34 g of FOS per 100 g (Silva, Dionísio,
Abreu, Brito, et al., 2018a), and is highly perishable, deteriorating
quickly due to its high moisture content, microbial load, and enzymatic
activity (Shi, Zheng, & Zhao, 2015). Thus, to attain this same amount of
FOS from fresh yacon, it would be necessary to consume a much larger
amount, which may not be acceptable for some individuals. Ad-
ditionally, yacon syrup is a convenient method to consume FOS, since it
exhibits microbiological and chemical stability (including FOS) over
prolonged storage (Mendes, 2017) and can be added to a variety of
foods – such as yogurt and juices, for example – with good sensorial
acceptance (Silva, Dionísio, Abreu, Brito, et al., 2018a).
Our ﬁndings are innovative and novel because the dose used had a
signiﬁcant eﬀect on postprandial glucose and insulin responses yet led
to only mild discomfort. This result identiﬁes yacon syrup as a nu-
traceutical with a high concentration of FOS which can be used in the
prevention and control of glucose metabolic disorders.
This study is limited by not having assessed diﬀerent doses to de-
termine if lower doses of FOS confer the same eﬀects and whether an
increase in dose or treatment period would have had an additional ef-
fect on triglycerides. Another limitation was that the study results
cannot be generalized to all groups given that eﬀects were assessed only
in adult women. Future studies should assess the eﬀect in other popu-
lation groups, such as men, the elderly, and type 2 diabetics, in order to
determine whether similar responses occur. The eﬀect of diﬀerent doses
in diﬀerent meals should also be explored through long-term trials.
Strengths include the study design. Also, basal plasma glucose, insulin
and triglyceride concentrations were similar in each of the two inter-
ventions (p > .05), thereby reducing the possibility that the result
found was inﬂuenced by other factors.
In conclusion, yacon syrup had a favorable eﬀect in reducing
postprandial concentrations of glucose and insulin in adult women, an
eﬀect not observed for triglyceride concentration. The administration of
yacon syrup may be a useful strategy and practice for improving the
postprandial proﬁle in this group.
Sources of support
Embrapa Agroindústria Tropical; Coordination of Improvement of
Higher Education Personnel (CAPES).
Authors' contributions
LSA conducted research and wrote paper; AAFC designed research
and analyzed data or performed statistical analysis; NJW, ACO and COP
provided essential reagents or provided essential materials; APD and
HACS designed research and had primary responsibility for ﬁnal con-
tent. All authors read and approved the ﬁnal manuscript.
Declaration of Competing Interest
None.
Acknowledgements
We are greatful to Embrapa Agroindústria Tropical and
Coordination of Improvement of Higher Education Personnel (CAPES).
This study was ﬁnanced in part by the Coordenação de
Aperfeiçoamento de Pessoal de Nível Superior - Brasil (CAPES) -
Finance Code 001.
Appendix A. Supplementary data
Supplementary data to this article can be found online at https://
doi.org/10.1016/j.foodres.2019.108682.
References
Agachan, F., Chen, T., Pfeifer, J., Reissman, P., & Wexner, S. D. (1996). A constipation
scoring system to simplify evaluation and management of constipated patients.
Diseases of the Colon & Rectum, 39, 681–685. https://doi.org/10.1007/bf02056950.
American Heart Association; National Heart, Lung, and Blood Institue, Grundy, S. M.,
Cleeman, J. I., Daniels, S. R., Donato, K. A., Eckel, R. H., Franklin, B. A., ... Costa, F.
(2005). Diagnosis and management of the metabolic syndrome: An american heart
association/national heart, lung, and blood institute scientiﬁc statement: Executive
summary. Cardiology in Review, 13, 322–327.
Basu, A., Dube, S., & Basu, R. (2017). Men are from Mars, women are from Venus: Sex
diﬀerences in insulin action and secretion. Advances in Experimental Medicine and
Biology, 1043, 53–64. https://doi.org/10.1007/978-3-319-70178-3_4.
Caetano, B. F., de Moura, N. A., Almeida, A. P., Dias, M. C., Sivieri, K., & Barbisan, L. F.
(2016). Yacon (Smallanthus sonchifolius) as a food supplement: Health-promoting
beneﬁts of fructooligosaccharides. Nutrients, 8. https://doi.org/10.3390/nu8070436
pii: E436.
Cao, Y., Ma, Z. F., Zhang, H., Jin, Y., Zhang, Y., & Hayford, F. (2018). Phytochemical
properties and nutrigenomic implications of Yacon as a potential source of prebiotic:
Current evidence and future directions. Foods, 7. https://doi.org/10.3390/
foods7040059 pii: E59.
de Carvalho, C. M., de Paula, T. P., Viana, L. V., Machado, V. M., de Almeida, J. C., &
Azevedo, M. J. (2017). Plasma glucose and insulin responses after consumption of
breakfasts with diﬀerent sources of soluble ﬁber in type 2 diabetes patients: A ran-
domized crossover clinical trial. The American Journal of Clinical Nutrition, 106,
1238–1245. https://doi.org/10.3945/ajcn.117.157263.
Chan, D. C., Pang, J., Romic, G., & Watts, G. F. (2013). Postprandial hypertriglyceridemia
and cardiovascular disease: Current and future therapies. Current Atherosclerosis
Reports, 15, 309. https://doi.org/10.1007/s11883-013-0309-9.
Chirinos-Revilla, J. L., & Fernandez-Sivincha, J. G. (2018). Insulinoma descubierto en
paciente con aparente trastorno mental: reporte de un caso. Revista de
Gastroenterología del Perú, 38, 82–84.
Desmarchelier, C., Borel, P., Lairon, D., Maraninchi, M., & Valéro, R. (2019). Eﬀect of
nutrient and micronutrient intake on chylomicron production and postprandial li-
pemia. Nutrients, 8. https://doi.org/10.3390/nu11061299 pii: E1299.
Dimina, L., & Mariotti, F. (2019). The postprandial appearance of features of
Cardiometabolic risk: Acute induction and prevention by nutrients and other dietary
substances. Nutrients, 11. https://doi.org/10.3390/nu11091963 pii: E1963.
Dionisio, A. P., Wurlitzer, N. J., Vieira, N. M., Goes, T. S., Modesto, A. L. G., & Araujo, I.
M. S. (2013). Raiz tuberosa de yacon (Smallanthus sonchifolius): obtenção de extrato
com manutenção das propriedades nutricionais e inativação de enzimas de escur-
ecimento. Fortaleza: Embrapa agroindústria tropical embrapa agroindústria tropical. Vol.
206. Fortaleza: Embrapa agroindústria tropical embrapa agroindústria tropical (pp. 5–).
Comunicado Técnico.
Faludi, A. A., Izar, M. C. O., Saraiva, J. F. K., et al. (2017). Atualização da diretriz bra-
sileira de dislipidemias e prevenção da aterosclerose – 2017. Arquivos Brasileiros de
Cardiologia, 109, 1–76.
FAO/WHO Expert Consultation (1998). Carbohydrates in human nutrition. Report of a
joint FAO/WHO Expert Consultation. FAO food and nutrition paper, 66, 1–140.
García-Martín, A., Reyes-Garcíaa, R., García-Castrob, J. M., & Muñoz-Torres, M. (2013).
Stroke in a patient with marked thinness, diabetes mellitus and basal ganglia calci-
ﬁcations. Endocrinología y Nutrición, 60, e41–e42. https://doi.org/10.1016/j.endonu.
2013.03.001.
Genta, S., Cabrera, W., Habib, N., Pons, J., Carillo, I. M., Grau, A., & Sánchez, S. (2009).
Yacon syrup: Beneﬁcial eﬀects on obesity and insulin resistance in humans. Clinical
Nutrition, 28, 182–187. https://doi.org/10.1016/j.clnu.2009.01.013.
Geyer, M., Manrique, I., Degen, L., et al. (2008). Eﬀect of Yacon (Smallanthus sonchifolius)
on colonic transit time in healthy volunteers. Digestion, 78, 30–33. https://doi.org/
10.1159/000155214.
Habib, N. C., Honoré, S. M., Genta, S. B., & Beglinger, C. (2011). Hypolipidemic eﬀect of
Smallanthus sonchifolius (yacon) roots on diabetic rats: Biochemical approach.
Chemico-Biological Interactions, 194, 31–39. https://doi.org/10.1016/j.cbi.2011.08.
009.
Ikeda, N., Hara, H., & Hiroi, Y. (2015). Ability of 1,5-anhydro-d-glucitol values to predict
coronary artery disease in a non-diabetic population. International Heart Journal, 56,
587–591. https://doi.org/10.1536/ihj.15-177.
Instituto Brasileiro de Geograﬁa e Estatística (2011). Pesquisa de Orçamentos Familiares
(POF), 2008–2009. Tabela de composição nutricional dos alimentos consumidos no Brasil.
L.S. Adriano, et al. Food Research International 126 (2019) 108682
7
Rio de Janeiro: IBGE. Disponível em. http://www.ibge.gov.br/home/estatistica/
populacao/condicaodevida/pof/2008_2009_ composicao_nutricional/
pofcomposicao.pdf.
Jackson, K. G., Poppitt, S. D., & Minihane, A. M. (2012). Postprandial lipemia and car-
diovascular disease risk: Interrelationships between dietary, physiological and ge-
netic determinants. Atherosclerosis, 220, 22–33. https://doi.org/10.1016/j.
atherosclerosis.2011.08.012.
Janssen, H., Dunstan, D. W., Bernhardt, J., Walker, F. R., Patterson, A., Callister, R., ...
English, C. (2017). Breaking up sitting time after stroke (BUST-Stroke). International
Journal of Stroke, 12, 425–429. https://doi.org/10.1177/1747493016676616.
Kellow, N. J., Coughlan, M. T., & Reid, C. M. (2014). Metabolic beneﬁts of dietary pre-
biotics in human subjects: A systematic review of randomised controlled trials. British
Journal of Nutrition, 111, 1147–1161. https://doi.org/10.1017/
S0007114513003607.
Kim, E. K., Oh, T. J., Kim, L. K., & Cho, Y. M. (2016). Improving eﬀect of the acute
administration of dietary ﬁber-enriched cereals on blood glucose levels and gut
hormone secretion. Journal of Korean Medical Science, 31, 222–230. https://doi.org/
10.3346/jkms.2016.31.2.222.
Klosterbuer, A. S., Thomas, W., & Slavin, J. L. (2012). Resistant starch and pullulan re-
duce postprandial glucose, insulin, and glp-1, but have no eﬀect on satiety in healthy
humans. Journal of Agricultural and Food Chemistry, 60, 11928–11934. https://doi.
org/10.1021/jf303083r.
Lightowler, H., Thondre, S., Hol, A., & Theis, S. (2018). Replacement of glycaemic car-
bohydrates by inulin-type fructans from chicory (oligofructose, inulin) reduces the
postprandial blood glucose and insulin response to foods: Report of two double-blind,
randomized, controlled trials. European Journal of Nutrition, 57, 1259–1268. https://
doi.org/10.1007/s00394-017-1409-z.
Lin, M. H., Wu, M. C., Lu, S., & Lin, J. (2010). Glycemic index, glycemic load and in-
sulinemic index of Chinese starchy foods. World Journal of Gastroenterology, 16,
4973–4979. https://doi.org/10.3748/wjg.v16.i39.4973.
Mah, E., Garcia-Campayo, V., & Liska, D. (2018). Substitution of corn starch with resistant
starch type 4 in a breakfast bar decreases postprandial glucose and insulin responses:
A randomized, controlled, crossover study. Current Developments in Nutrition, 2,
nzy066. https://doi.org/10.1093/cdn/nzy066.
Matsudo, S., Araújo, T., Marsudo, V., Andrade, D., Andrade, E., Oliveira, L. C., &
Braggion, G. (2001). Questionário internacional de atividade física (IPAQ): estudo de
validade e reprodutibilidade no Brasil. Revista Brasileira de Atividade Física e Saúde, 6,
05–18.
Matthews, D. R., Hosker, J. P., Rudenski, A. S., Naylor, B. A., Treacher, D. F., & Turner, R.
C. (1985). Homeostasis model assessment: Insulin resistance and beta-cell function
from fasting plasma glucose and insulin concentrations in man. Diabetologia, 28,
412–419. https://doi.org/10.1007/bf00280883.
Mendes, A. H. L. (2017). Desenvolvimento e caracterização de produto funcional de yacon
(Smallanthus sonchifolius (Poepp. & Endl.) H. Robinson] e caju. Dissertation)Limoeiro
do Norte: Instituto Federal de Educação, Ciência e Tecnologia do Ceará.
Monfort-Pires, M., & Ferreira, S. R. G. (2016). Modiﬁcation in a single meal is suﬃcient to
provoke beneﬁts in inﬂammatory responses of individuals at low-to-moderate car-
diometabolic risk. Clinical Nutrition, 35, 1242–1250. https://doi.org/10.1016/j.clnu.
2016.02.015.
Núcleo de Estudos e Pesquisas em Alimentação – NEPA; Universidade Estadual de
Campinas – UNICAMP (2011). Tabela Brasileira de Composição de Alimentos – TACO
(4ª edição revisada e ampliada). Campinas – SP: Disponível em. http://www.cfn.org.
br/wp-content/uploads/2017/03/taco_4_edicao_ampliada_e_revisada.pdf (Acesso
em: 20 de outubro 2018).
Oliveira, J. E. P., Montenegro Junior, R. M., & Vencio, S. (2017). Diretrizes da Sociedade
Brasileira de Diabetes 2017–2018. São Paulo: Editora Clannad. Vários autores. Vários
coordenadores (ISBN: 978–85–93746-02-4 1. Diabetes Mellitus. 2. Diabetes Estudo
de casos. 3. Diabetes Mellitus I).
Orencia, A. J., Daviglus, M. L., Dyer, A. R., Walsh, M., Greenland, P., & Stamler, J. (1997).
One-hour postload plasma glucose and risks of fatal coronary heart disease and stroke
among nondiabetic men and women: The Chicago heart association detection project
in industry (CHA) study. Journal of Clinical Epidemiology, 50, 1369–1376. https://doi.
org/10.1016/s0895-4356(97)00201-1.
Orra, A. A., Pires, M. M., & Ferreira, S. R. (2016). Distinct breakfast patterns on satiety
perception in individuals with weight excess. Archives of Endocrinology and
Metabolism, 60, 333–340. https://doi.org/10.1590/2359-3997000000133.
Parr, E. B., Devlin, B. L., & Callahan, M. J. (2018). Eﬀects of providing high-fat versus
high-carbohydrate meals on daily and postprandial physical activity and glucose
patterns: A randomised controlled trial. Nutrients, 10, 557. https://doi.org/10.3390/
nu10050557.
Pinheiro, A. B. V. (2008). Tabela para Avaliação de Consumo Alimentar em Medidas Caseiras
(5 ed.). São Paulo: Editora Atheneu75.
Rahman, S., Zhao, A., Xiao, D., Park, E., Edirisinghe, I., & Burton-Freeman, B. M. (2017).
A randomized, controlled trial evaluating polydextrose as a ﬁber in a wet and dry
matrix on glycemic control. Journal of Food Science, 82, 2471–2478. https://doi.org/
10.1111/1750-3841.13855.
Raper, N., Perloﬀ, B., Ingwersen, L., Steinfeldt, L., & Anand, J. (2004). An overview of
USDA's dietary intake data system. Journal of Food Composition and Analysis, 17,
545–555.
Respondek, F., Hilpipre, C., Chauveau, P., Cazaubiel, M., Gendre, D., Maudet, C., &
Wagner, A. (2014). Digestive tolerance and postprandial glycaemic and insulinaemic
responses after consumption of dairy desserts containing maltitol and fructo-
oligosaccharides in adults. European Journal of Clinical Nutrition, 68, 575–580.
https://doi.org/10.1038/ejcn.2014.30.
Sabater-Molina, M., Larqué, E., Torrella, F., & Zamora, S. (2009). Dietary fructooligo-
saccharides and potential beneﬁts on health. Journal of Physiology and Biochemistry,
65, 315–328. https://doi.org/10.1007/BF03180584.
Samuel, V. T., & Shulman, G. I. (2016). The pathogenesis of insulin resistance: Integrating
signaling pathways and substrate ﬂux. Journal of Clinical Investigation, 126, 12–22.
https://doi.org/10.1172/JCI77812.
Scheid, M. M., Genaro, P. S., Moreno, Y. M., & Pastore, G. M. (2014). Freeze-dried
powdered yacon: Eﬀects of FOS on serum glucose, lipids and intestinal transit in the
elderly. European Journal of Nutrition, 53, 1457–1464. https://doi.org/10.1007/
s00394-013-0648-x.
Schrauwen-Hinderling, V. B., & Carpentier, A. C. (2018). Molecular imaging of post-
prandial metabolism. Journal of Applied Physiology, 124, 504–511. https://doi.org/10.
1152/japplphysiol.00212.2017 1985.
Schulz, K. F., Altman, D. G., Moher, D., & CONSORT Group (2010). CONSORT 2010
statement: Updated guidelines for reporting parallel group randomised trials. PLoS
Medicine, 7, e1000251. https://doi.org/10.1371/journal.pmed.1000251.
Shi, Q., Zheng, Y., & Zhao, Y. (2015). Thermal transition and state diagram of yacon dried
by combined heat pump and microwave method. Journal of Thermal Analysis and
Calorimetry, 119, 727–735.
Silva, F. M., Kramer, C. K., Crispim, D., & Azevedo, M. J. (2015). A high–glycemic index,
low-ﬁber breakfast aﬀects the postprandial plasma glucose, insulin, and ghrelin re-
sponses of patients with type 2 diabetes in a randomized clinical trial. The Journal of
Nutrition, 145, 736–741. https://doi.org/10.3945/jn.114.195339.
Silva, M. F. G., Dionísio, A. P., Abreu, F. A. P., Brito, E. S., Wurlitzer, N. J., Silva, L. M. A.
E., ... Pontes, D. F. (2018). Optimization of enzymatic treatment to produce yacon
juice clariﬁed by microﬁltration with high levels of chlorogenic acid and fructooli-
gosaccharides. Journal of Food Processing and Preservation, 42, e13641.
Silva, M. F. G. D., Dionísio, A. P., Abreu, F. A. P., et al. (2018). Evaluation of nutritional
and chemical composition of yacon syrup using 1H NMR and UPLC-ESI-Q-TOF-MS.
Food Chemistry, 245, 1239–1247. https://doi.org/10.1016/j.foodchem.2017.11.092.
Stamataki, N. S., Nikolidaki, E. K., Yanni, A. E., Stoupaki, M., Konstantopoulos, P.,
Tsigkas, A. P., ... Karathanos, V. T. (2016). Evaluation of a high nutritional quality
snack based on oat ﬂakes and inulin: Eﬀects on postprandial glucose, insulin and
ghrelin responses of healthy subjects. Food & Function, 7, 3295–3303. https://doi.
org/10.1039/c6fo00559d.
Stewart, M. L., & Zimmer, J. P. (2017). A high ﬁber cookie made with resistant starch type
4 reduces post-prandial glucose and insulin responses in healthy adults. Nutrients, 9.
https://doi.org/10.3390/nu9030237 pii: E237.
Stewart, M. L., & Zimmer, J. P. (2018). Postprandial glucose and insulin response to a
high-ﬁber muﬃn top containing resistant starch type 4 in healthy adults: A double-
blind, randomized, controlled trial. Nutrition, 53, 59–63. https://doi.org/10.1016/j.
nut.2018.01.002.
Takao, T., Suka, M., Yanagisawa, H., & Iwamoto, Y. (2017). Impact of postprandial hy-
perglycemia at clinic visits on the incidence of cardiovascular events and all-cause
mortality in patients with type 2 diabetes. Journal of Diabetes Investigation, 8,
600–608. https://doi.org/10.1111/jdi.12610.
Thompson, S. V., Hannon, B. A., An, R., & Holscher, H. D. (2017). Eﬀects of isolated
soluble ﬁber supplementation on body weight, glycemia, and insulinemia in adults
with overweight and obesity: A systematic review and meta-analysis of randomized
controlled trials. The American Journal of Clinical Nutrition, 106, 1514–1528. https://
doi.org/10.3945/ajcn.117.163246.
Van der Beek, C. M., Canfora, E. E., Kip, A. M., Gorissen, S. H. M., Olde Damink, S. W. M.,
Van Eijk, H. M., ... Lenaerts, K. (2018). The prebiotic inulin improves substrate me-
tabolism and promotes short-chain fatty acid production in overweight to obese men.
Metabolism, 87, 25–35. https://doi.org/10.1016/j.metabol.2018.06.009.
de Vegt, F. L., Dekker, J. M., Ruhé, H. G., Stehouwer, C. D., Nijpels, G., Bouter, L. M., &
Heine, R. J. (1999). Hyperglycaemia is associated with allcause and cardiovascular
mortality in the hoorn population: The hoorn study. Diabetologia, 42, 926–931.
https://doi.org/10.1007/s001250051249.
de Vries, M. A., Klop, B., Janssen, H. W., Njo, T. L., Westerman, E. M., & Castro Cabezas,
M. (2014). Postprandial inﬂammation: Targeting glucose and lipids. Advances in
Experimental Medicine and Biology, 824, 161–170. https://doi.org/10.1007/978-3-
319-07320-0_12.
Vuksan, V., Choleva, L., Jovanovski, E., Jenkins, A. L., Au-Yeung, F., Dias, A. G., ...
Duvnjak, L. (2017). Comparison of ﬂax (Linum usitatissimum) and Salba-chia (Salvia
hispanica L.) seeds on postprandial glycemia and satiety in healthy individuals: A
randomized, controlled, crossover study. European Journal of Clinical Nutrition, 71,
234–238. https://doi.org/10.1038/ejcn.2016.148.
Watanabe, K., Suzuki, T., Ouchi, M., Suzuki, K., Ohara, M., Hashimoto, M., ... Oba, K.
(2013). Relationship between postprandial glucose level and carotid artery stiﬀness
in patients without diabetes or cardiovascular disease. BMC Cardiovascular Disorders,
13, 11. https://doi.org/10.1186/1471-2261-13-11.
Weickert, M. O., & Pfeiﬀer, A. F. H. (2018). Impact of dietary ﬁber consumption on in-
sulin resistance and the prevention of type 2 diabetes. The Journal of Nutrition, 148,
7–12. https://doi.org/10.1093/jn/nxx008.
World Health Organization (1995). Physical status: The use e interpretation of anthro-
pometry. (Geneva).
World Health Organization - WHO (1998). Obesity - preventing and managing the global
epidemic. Geneva.
L.S. Adriano, et al. Food Research International 126 (2019) 108682
8
